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MEASUREMENT UNIT, TRANSPORTATION
SYSTEM, AND MEASUREMENT METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a measurement umit, a
transportation system, and a measurement method. In par-
ticular, the present invention relates to a technique of enabling,
data measured by the measurement unit to be analyzed even 1f
an environment of the measurement unit, 1.e., a state 1n which
the measurement unit 1s placed, 1s not clear at the time of
measurement.

2. Description of the Related Art

It has been proposed to transport a measurement unit
equipped with sensors such as a particle sensor and a vibra-
tion sensor by a transportation apparatus such as a stacker
crane to obtain environmental data during transportation and
during storage in a rack or the like (See, for example,
JP4168123B). According to JP4168123B, the measurement
unit outputs measurement data to a transportation apparatus
such as a stacker crane. In the transportation apparatus, data
such as a state of the measurement unit 1s added to the mea-
surement data, and the resulting data 1s outputted to a system
controller. However, 11 the transportation apparatus does not
have any communication device with the measurement unit,
since the measurement unit cannot obtain data indicating the
state, e.g., data indicating whether the measurement unit 1s
being transported or the measurement data 1s stored, these
items of data cannot be added to the measurement data.
Therefore, the measurement data cannot be analyzed on the
ground. Thus, 1n the transportation apparatus that does not
have any device for communicating with the measurement
unit, measurement of the environment using the measuring
unit cannot be performed.

SUMMARY OF THE INVENTION

According to a preferred embodiment of the present inven-
tion, 1t 1s possible to add state data of a measuring umit to
measurement data even if a transportation apparatus that does
not have any device for communicating with the measure-
ment unit 1s used to transport the measurement unit to mea-
sure environmental data.

According to another preferred embodiment of the present

ivention, 1t 1s possible to collect measurement data from a
measurement unit even 1f no communication route, such as a
wireless LAN, 1s available to the measurement unit.

According to a preferred embodiment of the present inven-
tion, a measuring unit adapted to be transported by a trans-
portation apparatus includes an environment sensor, and a
memory arranged to store measurement data from the envi-
ronment sensor. The memory 1s adapted to associate the mea-
surement data with a state of the measurement unit. For
example, measurement data 1s associated with state data of
the measurement unit obtained from the transportation appa-
ratus or the like using time data or the like. Any method can be
used for associating these items of data with each other.

In a preferred embodiment of the present invention, the
state data of the measurement unit can be associated with the
measurement data. Therefore, 1t 1s not necessary to include
the state data of the measurement unit in the measurement
data itself. Thus, even 1 data 1s obtained by measurement in a
situation where communication with the transportation appa-
ratus cannot be made, based on an operation of the transpor-
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2

tation apparatus or the like, afterward, 1t 1s possible to analyze
in what situation measurement was performed to obtain the
data.

Preferably, the memory 1s adapted to associate the mea-
surement data with the state of the measurement unit by
storing the measurement data and time data together. In this
manner, the measurement data can be associated with the
state of the measurement unit using the time data easily.

Preferably, the memory 1s an electronic storage medium
arranged to have the measurement data written in the storage
medium, such as a USB memory, or a compact tlash (regis-
tered trademark) memory, and the measurement unit prefer-
ably includes a terminal arranged to write data 1n these types
of the storage medium. In this structure, the measurement
data can be inputted to the controller through the electronic
storage medium. Even 1f a transportation system that does not
have any wireless LAN to connect the measurement unit and
the controller 1s used, the data of the measurement unit can be
analyzed.

Further, preferably, the measurement unit preferably fur-
ther includes a timer, and a receiving unit arranged to receive
a time signal to calibrate time data of the timer. The measure-
ment and the time data are stored together so as to enable the
measurement data to be associated with the state of the mea-
surement unit. In this structure, using the calibrated time data
recetved from the timer, the measurement data can be asso-
ciated with the state data of the measurement unit easily.

In particular, preferably, the environment sensor at least
includes a particle counter arranged to count a number of
particles, a vibration sensor, a wind speed sensor, and a micro-
phone. The measurement unit preferably further includes a
low-pass filter arranged to process an output from the vibra-
tion sensor, and a controller arranged and programmed to
identily whether the measurement unit 1s being transported or
the measurement unit 1s stopped, based on a signal from the
low-pass {ilter, to shorten a measurement interval when the
measurement unit 1s being transported, and to extend the
measurement interval when the measurement unit 1s stopped.
In the structure, the measurement interval can be changed by
determining whether the measurement unit 1s being trans-
ported, or the measurement unit 1s stopped by the vibration
sensor. Further, vibrations and noises 1n the surrounding envi-
ronment can be associated with each other using the micro-
phone to enable the cause of the vibrations to be analyzed
casily. The flow and cleanness of the air can be measured
using the particle counter and the wind speed sensor.

Further, according to a preferred embodiment of the
present 1nvention, a transportation system includes a trans-
portation apparatus, a measurement unit, and a controller. The
measurement unit 1s adapted to be transported by the trans-
portation apparatus, and the measuring unit includes an envi-
ronment sensor. The measurement unit stores measurement
data from the environment sensor and time data together. The
controller stores state data of the measurement unit trans-
ported by the transportation apparatus and time data together,
and associates the measurement data with the state data using
the time data. Preferably, the state data includes a type of an
event experienced by the measurement unmt, and a position
where the event occurred.

In the transportation system according to a preferred
embodiment of the present invention, the measurement unit s
transported by the transportation apparatus, and the measure-
ment data and time data are inputted to the controller. Further,
the state data of the transportation apparatus and time data are
stored, and based on the time data, the measurement data 1s
associated with the state data. In this manner, the measure-
ment data can be associated with the state of the measurement
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unit without requiring communication between the measure-
ment unit and the transportation apparatus.

Further, a method of measuring an environment around a
transportation system according to another preferred embodi-
ment of the present invention includes the steps of transport-
ing a measurement unit including an environment sensor, a
memory, and a timer, storing measurement data from the
environment sensor and time data from the timer together 1n
the memory, reporting a state ol the measurement unit and the
time data, from the transportation apparatus to a controller,
inputting data 1n the memory to the controller, and associating
the measurement data with data of the state using time data by
the controller.

In the present specification, description regarding the mea-
surement unit and the transportation system 1s directly appli-
cable to the method of measuring an environment around the
transportation system, and conversely, description regarding,
the method of measuring an environment around the trans-
portation system 1s directly applicable to the measurement
unit and the transportation system.

Other elements, features, steps, characteristics and advan-
tages of the present invention will become more apparent
from the following detailed description of the preferred
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a measurement unit
according to a preferred embodiment of the present invention.

FIG. 2 1s a front view showing a cassette containing the
measurement unit according to a preferred embodiment of the
present invention.

FI1G. 3 1s a diagram showing an example of a transportation
system for obtaining environmental data according to a pre-
terred embodiment of the present invention.

FIG. 4 1s a block diagram showing an analyzing computer
according to a preferred embodiment of the present invention.

FIG. S 1s a flow chart showing processing carried out by the
measurement unit according to a preferred embodiment of the
present invention.

FIG. 6 15 a flow chart showing processing carried out by a
transportation apparatus according to a preferred embodi-
ment of the present invention.

FI1G. 7 1s a flow chart showing processing carried out by the
analyzing computer according to a preferred embodiment of
the present invention.

FIG. 8 1s a graph schematically showing association of
measurement data with the position and state of the measure-
ment unit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinatfter, preferred embodiments that are most pre-
terred will be described. The preferred embodiments can be
modified suitably with reference to techniques known 1n this
technical field. Therefore, the preferred embodiments should
not be construed as limiting the scope of the present inven-
tion.

FIGS. 1 to 8 show a preferred embodiment of the present
invention. F1G. 1 shows a measurement unit 2, and areference
numeral 4 denotes a communication unit arranged to provide
wireless communication with a wireless LAN described later
through an antenna 5. A reference numeral 6 denotes a CPU
(Central Processing Unit) arranged and programmed to pro-
cess data 1n the measurement unit 2. A reference numeral 7
denotes a USB interface arranged to read data from and write
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4

data to a USB memory 8. The measurement data obtained
from measurement by the measurement unit 2 and time data
are written in the USB memory 8. Additionally, measurement
instructions may be read from the USB memory 8. The mea-
surement 1nstruction preferably includes a time range for
performing a measurement, a type of measurement data, data
indicating, e.g., whether all of environment sensors should be
used for measurement or only designated sensors should be
used for measurement, and in the case where only designated
sensors should be used, data indicating which sensors should
be used. Further, the measurement instruction preferably
includes time intervals for writing measurement data 1n the
USB memory 8. As described above, the measurement
istruction 1s also considered as a designation of measure-
ment conditions. In an environment where the wireless LAN
1s available, instead of writing output data in the USB
memory 8, the output data may be outputted from the antenna
5 to the wireless LAN. Further, the measurement instruction
may be receirved through the antenna 3. Alternatively, the
measurement data may be inputted from a user interface 15. A
reference numeral 9 denotes a power supply apparatus. Using
clectricity supplied from a battery pack 10, components of the
measurement unit 2 are operated. A reference numeral 11
denotes a timer. The time of the timer 11 1s calibrated using
time stamp data obtained from the antenna 5. By counting the
clapsed time after calibration of the time, the time at each time
point 1s determined, and the time data and the measurement
data are outputted to the USB memory 8 or the antenna 5. A
reference numeral 12 denotes an ID tag such as a barcode
label or an RF tag, for example.

A reference numeral 15 denotes the user iterface. For
example, the user interface 15 may preferably include a touch
panel, or a combination of LEDs and input switches. Data
istructing to start measurement, data indicating i1tems to be
measured, and data instructing to end measurement are pret-
erably 1nputted via the user interface 15. Alternatively, or 1n
addition to these items of data, the measurement instruction
or the like 1s preferably mputted via the user interface 15.
Further, the user interface 13 preferably displays whether the
measurement unit 2 1s in the middle of measuring or waiting,
and displays a state of charge (amount of remaining electrical
energy) or the like of the battery. The particle counter 16
counts the number of particles in the air flow passing through
the measuring unit 2 to determine the density of the particles.
A vibration sensor 17 1s an acceleration sensor arranged to
detect vibrations applied to the measurement unit 2. A low-
pass lilter 18 extracts a low frequency signal from the vibra-
tion sensor 17. Since the low frequency signal from the vibra-
tion sensor 17 corresponds to acceleration of the
measurement unit 2 during transportation of the measurement
unit 2, 1t 1s possible to determine whether the measurement
unit 2 1s stopped or being transported.

A microphone 19 detects ambient noises or the like. The
microphone 19 provides auxiliary data, e.g., indicating the
presence of, for example, high frequency noises, sudden large
noises, low frequency noises, or the absence of noises in the
surrounding environment, for use in the analysis of vibrations
detected by the vibration sensor 17 for allowing the cause of
vibrations to be analyzed easily. A wind speed and air tem-
perature sensor 20 detects the wind speed and the air tem-
perature of the air flowing through the measurement umt 2.
Preferably, the wind speed 1s data preferably including an
absolute value of the wind speed and an orientation of the
wind (air tlow). For example, the wind speed and distribution
of the clean air 1n a clean room are preferably measured. The
air temperature may not be measured, for example. In a state
where the measuring unit 2 1s placed 1n a rack or the like, the
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wind speed and air temperature sensor 20 preferably mea-
sures the speed and orientation of the travel wind that blows
when the transportation apparatus passes thorough an area in
the vicinity of the measurement unit 2. The particle counter
16, the vibration sensor 17, the low-pass filter 18 and the wind
speed and air temperature sensor 20 are known 1n the art.
Further, any types of sensors may be mounted in the measur-
ing unit 2.

FIG. 2 shows a cassette 22 containing the measurement
unit 2. For example, the cassette 22 1s preferably used for
transportation of FPDs (flat panel displays), for example.
Alternatively, an FOUP {for transportation of semiconductor
substrate may be used as the cassette. In the case where the
FOUP 1s used as the cassette, the cassette preferably has a
skeleton shape only having frames so that the wind can freely
flow through six surfaces of the cassette. Alternatively,
instead of using the cassette, the measurement unit 2 may be
mounted 1n a carrier used 1n the transportation system, such as
a bucket or a palette. The cassette 22 15 preferably made of
skeleton frames, and the air can freely flow through the sur-
rounding six surfaces. For example, from the front side of the
cassette 22, the user can replace the battery pack 10, detach or
attach the USB memory 8, and operate the user interface 15.
Further, the cassette 22 may be transported by an overhead
traveling vehicle mn FIG. 3, an automated transportation
vehicle, a conveyor, or a stacker crane.

FIG. 3 shows an example of a layout of the transportation
system as a target for measurement of environmental data. A
reference numeral 30 denotes an overhead traveling vehicle
system. In the overhead traveling vehicle system 30, a plural-
ity of overhead traveling vehicles 31 circulate around a travel
rail provided in the vicinity of a ceiling in a clean room, for
example. A reference numeral 32 denotes a stocker. For
example, a stacker crane 33 travels between a pair of left and
right racks 34 to retrieve, and store the cassette 22. The
stocker 32 preferably includes an MGV (Manual Guided
Vehicle) port 36 arranged to retrieve and store the cassette by
an MGV. In the MGV port 36, for example, an operator
carries out replacement of the battery pack 10, detachment or
attachment of the USB memory 8, and operation of the user
interface 15. The MGV port 36 may be provided with an
antenna 38 as a ground station of the wireless LAN and the
USB interface 40 to allow wireless communication with the
measurement unit 2, and to read data from and write data to
the USB memory 8.

A reference numeral 42 denotes conveyors, a reference
numeral 44 denotes an automated transportation vehicle that
travels on the ground, and a reference numeral 45 denotes
processing equipment such as an FPD. For example, the
cassette 1s transierred to or from the overhead traveling
vehicle system through a load port 46. A reference numeral 47
denotes buflers arranged to temporarily store cassettes.

A controller of the transportation system will be described.
A reference numeral 48 denotes a stocker controller arranged
and programmed to perform inventory control in the stocker
32, control of the stacker crane 33, and retrieval and storage of
a cassette containing a measuring unit 2 and other cassettes
from and into the MGV port 36. A reference numeral 50
denotes a conveyor controller arranged and programmed to
control the conveyors 42. An automated transportation
vehicle controller controls the automated transportation
vehicle 44, and an overhead traveling vehicle controller 54
controls the overhead traveling vehicle system 30 and the
cassettes on the bullers 47. The controllers 48 to 34 are
controlled by a system controller 56 that 1s arranged and
programmed to control the entire transportation system. An
analyzing computer 62 collates (associates) measurement
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6

data having time data obtained from the measurement unit 2
with data indicating the position and state of the measuring
unit 2 having time data obtained from the controllers 48 to 56.
The data indicating the position and state of the measurement
unit 2 1s added to the measurement data. For example, 1n the
case where the measurement unit 2 1s stored 1n the rack, the
position of the measurement unit 2 1s designated by a rack
address, and the state of the measurement unit 2 1s “during
storage”. Further, 1n the case where the measurement unit 2 1s
being transported by the overhead traveling vehicle 31, the
state of the measurement unit 2 1s “in the middle of loading”,
“in the middle of transportation™, “in the middle of unload-
ing”” or the like. The position of the measurement unit 2 1s a
position in the middle of transportation of the measurement
unit 2.

The analyzing computer 62 adds data indicating the posi-
tion and state of the measurement unit 2 to the data from the
measurement umt 2 using items of data supplied from the
controllers 48 to 56, and analyses the environment of the
transportation system based on the added data. The target of
environmental analysis 1s the cleanness (particle density), the
orientation and speed (wind speed) of the air flow, the degree
of vibrations during transportation, the air temperature or the
like. The measurement position can be any position such as a
position on the transportation apparatus, a position in the rack
34, a position on the builer 47, or a position on the load port
46. A time server 58 of the system controller 56 generates
time stamp data as the reference time of the entire transpor-
tation system. The controllers 48 to 56 and the analyzing
computer 62 are preferably connected to a LAN 60 through,
¢.g., hubs 61, and the transportation apparatuses such as the
stacker crane 33 and the overhead traveling vehicle 31 receive
time stamp data from the respective controllers. Instead of
using the LAN 60, a ground station for the wireless LAN may
be provided 1n each section of the transportation system to
make 1t possible to perform wireless communication with any
of the controllers 48 to 56 at an arbitrary position.

FIG. 4 shows structure of the analyzing computer 62. A
reference numeral 64 denotes a collation analyzing umnit
arranged to associate the measurement data of the measure-
ment unit 2 having time data from the USB memory 8 with
data indicating the position and state having time data from
the controllers 48 to 56, and to add data indicating the position
and state to the measurement data. The LAN interface 65
preferably 1s an interface with a LAN on the ground side. The
L AN 1nterface 65 1s used to recerve the data indicating the
position and state of the cassette containing the measurement
unmit 2 having time data, and the time stamp data from the
system controller 56. A USB interface 66 reads data from the
USB memory 8 collected from the measurement unit 2. Alter-
natively, the USB 1nterface 66 reads data from, and writes
data 1n the USB memory 8. A user interface 67 performs
operation such as input of measurement instructions to the
USB memory 8.

FIG. 5 shows a process 1n the measurement unit 2. The
measurement unit 2 1s set in the MGV port 36 manually by an
operator, or automatically by a stacker crane or the like. The
operator performs operations such as replacement of the bat-
tery pack 10, input of a starting instruction, and the measure-
ment unit 2 obtains time data (time stamp) through the wire-
less LAN. Based of the time data, the time of the timer 1s
calibrated.

When measurement 1s started, the measurement unit 2
obtains designated measurement data, e.g., at predetermined
time intervals. The measurement data and the time data are
written together 1n the USB memory 8. Alternatively, the
measurement data and the time data are outputted to the
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wireless LAN or the like. The output from the vibration
sensor 17 1s processed by the low-pass filter 18. If accelera-
tion that continues for one or more seconds, for example, 1s
detected, 1t can be confirmed that the measurement unit 2 1s
being transported. If long acceleration that continues for a
predetermined period or more 1s not detected, it can be con-
firmed that the measurement unit 2 i1s stopped. This 1is
because, 1n the case of transporting the measurement unit 2,
acceleration that continues for one or more seconds, for
example, 1s applied to the measurement unit 2 by elevation,
traveling, transfer or the like. In the case where the measure-
ment unit 2 1s being transported, the CPU 6 shortens the
measurement interval to, every second, every five seconds or
the like. In the case where the measurement unit 2 1s stopped,
the CPU 6 extends the measurement interval to, e.g., every 10
seconds, every minute or the like, and changes the measure-
ment items e.g., by excluding vibrations from the measure-
ment items. The time of the timer 1s calibrated using the time
stamp data, and the USB interface 7 writes the time data and
the measurement data together 1n the USB memory 8. Thus,
the data of the USB memory 8 has an arrangement of a record
including the time and measurement data as shown on the
right side 1n FIG. S.

At the time of finishing measurement, the transier appara-
tus transfers the measurement unit 2 to the MGV port 36. For
example, when the operator imnputs an instruction to end the
measurement, when the measurement end time written 1n the
USB memory 8 comes, or when the battery low state 1s
detected, the measurement 1s finished. Then, the operator
removes the USB memory 8 from the measurement unit 2,
and sets the USB memory 8 in the USB interface 66 of the
analyzing computer 62 to read the data from the USB memory
8. In the case where the wireless LAN 1s available at arbitrary
positions, mstead of using the USB memory 8, data may be
outputted through the wireless LAN.

FIG. 6 shows processing carried out by the transportation
apparatus. The transportation apparatus reads an 1D of the
measurement unit 2, and reports (transmits) the read ID to a
controller (allocated controller) that 1s arranged to control the
transportation apparatus. The allocated controller controls
the transportation apparatus to execute a transportation
instruction for the measurement unit 2. During transportation
of the measurement unit 2, data such as events that have
occurred on the transportation apparatus side and positions,
and data indicating the times when the events occurred, are
added. The transportation apparatus reports these items of
data to the allocated controller. The allocated controller stores
data indicating the types, positions, and times of the events.
For example, data indicating the events and positions of the
events include the start and end of loading, an ID of the
loading station or the like. Loading 1s an event, the start time
and end time of loading are times of the event, and the 1D of
the loading station 1s a position. Likewise, the start time and
end time of traveling, and positions and the times during
traveling are stored. Further, the start time of unloading, the
end time of unloading, and an ID of an unloading station or
the like are stored. In the cases of conventional methods also,
positions and events are stored for allowing the controllers 48
to 54 to control the transportation apparatus. When transpor-
tation of the measurement unit 2 1s finished, the measurement
unit 2 1s unloaded, e.g., to the rack 34, the MGV port 36, or the
station for transier to the next transportation apparatus. The
allocated controller stores the unloaded position, the final
event (unloading), and the time of the final event.

FI1G. 7 shows processing carried out by the analyzing com-
puter 62. The collation analyzing unit 64 of the analyzing
computer 62 collates data from the measurement unit 2 with
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data from the transportation apparatus using time data as a
key. That 1s, the time data 1s added to both of the data {from the
measurement unit 2 and the data from the transportation
apparatus. The time of these 1tems of data 1s calibrated using
the time stamp. Therefore, the position and the state of the
measurement unit 2 when the measurement data 1s obtained
can be estimated. Thus, data indicating the position and the
state of the measurement unit 2 1s added to the data from the
measurement unit 2. Based on these 1tems of data, the mea-
surement data 1s analyzed. In the present preferred embodi-
ment, the position and the state of the measurement unit 2
preferably are associated with the measurement data. The
states such as “in the middle of loading™, “in the middle of

- B Y P

transportation”, “in the middle of unloading™, and “during
storage™ should be associated with the measurement data.

FIG. 8 shows an example of collating measurement data
with data from the transportation apparatus. The lateral axis
represents the time. It 1s assumed that the measurement data 1s
obtained at every mark of the scale in the lateral axis.
Although the measurement data includes many types of data,
only one type of data 1s shown 1n FIG. 8. From the transpor-
tation apparatus, the start time and the end time of the event,
and the position where the event occurred are reported
together with the time data. By collating the measurement
data and the events using the time data as a key, as shown on
the lower side 1n FIG. 8, the position and the state 1n each time
point are determined. In the case where the position of the
transportation apparatus (position of the measurement unit 2)
and the state of the transportation apparatus when the mea-
surement data 1s obtained are not clear, and the positions
before or after the time when the measurement data i1s
obtained are known, by interpolating the positions before or
after the time when the measurement data 1s obtained, the
position of the measurement unit 2 can be estimated. Further,
in general, since the transportation apparatus reports the
change of the state as an event, 1n the case where the states at
the times before and after the time when the measurement
data 1s obtained are different, the state at the earlier time 1s the
state of the measurement unit 2.

Operation of the present preferred embodiment will be
shown. The measurement unit 2 1s set to the MGV port 36 or
the like. When data instructing to start measurement 1s imput-
ted from the user interface 15 or the like, the measurement
unit 2 starts measurement, and stores the time data and the
measurement data. Then, based on a signal indicating accel-
eration that continues for predetermined time or more, the
presence ol acceleration caused by transportation 1s detected.
Based on this data, the measurement 1nterval 1s changed. The
transportation apparatus picks up the measurement unit 2 in
accordance with the instruction from the allocated controller,
reads the ID of the measurement unit 2, and reports the ID to
the allocated controller to recerve a transportation imstruction.
Thus, the measurement unit 2 can be transported along a route
where measurement needs to be performed to obtain environ-
mental data. The transportation apparatus transports the mea-
surement unit 2 in accordance with the transportation instruc-
tion. In the meantime, the occurrence of the event, the end
time of the event, details of the event, and positions during
traveling are reported to the controller of the transportation
apparatus. The analyzing computer 62 recerves the data of the
position and state of the transportation apparatus, and the time
data from the controllers 48 to 54 of the transportation appa-
ratus or the system controller 56. The collation analyzing unit
64 collates these items of data with the measurement data
having time data from the USB memory 8 of the measurement
unit 2 to analyze the environmental data.
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In general, the measurement unit 2 cannot directly com-
municate with the transportation apparatus. Therefore, the
position and state of the measurement unit 2 are not known to
the measurement unit 2. In a preferred embodiment of the
present invention, the time of the transportation apparatus and
the time of the measurement unit 2 are synchronized to use the
common time data, and using the time data as a key, the
position and state of the measurement unit 2 are added to the
measurement data for enabling the measurement data to be
analyzed. Thus, even 1 the existing transportation system
including a transportation apparatus that cannot communi-
cate with the measurement unit 2 1s used, the environmental
data for the existing transportation system can be measured
casily.

In the present preferred embodiment, for example, by add-
ing the analyzing computer 62, environmental measurement
using the measurement unit 2 can be performed for the exist-
ing transportation system. In the MGV port 36 or the like, a
connector for connection to the measurement unit 2 may be

provided to supply the time stamp data via wired communi-
cation instead of wireless communication. In the present pre-
terred embodiment, the cleanness, vibrations, wind speed, air
temperature or the like 1n the clean room preferably are mea-
sured. Alternatively, for example, gas concentration and air

temperature 1n a chemical factory may be measured.

While preferred embodiments of the present invention
have been described above, 1t 1s to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present inven-
tion. The scope of the present invention, therefore, 1s to be
determined solely by the following claims.
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What 1s claimed 1s:

1. A measurement unit to be transported by a transportation
apparatus, the measurement unit comprising:

an environment sensor arranged to measure environmental
situations:

a memory arranged to store measurement data from the
environment sensor and to associate the measurement
data with a state of the measurement unit; and

a timer and a recerver unit arranged to receive a time signal
to calibrate time data of the timer, the measurement data
and the time data being stored together to enable the
measurement data to be associated with the state of the
measurement unit; wherein

the memory 1s arranged to associate the measurement data
with the state of the measurement unit by storing the
measurement data and the time data together.

2. The measurement unit according to claim 1, wherein the
memory 1s a detachable electronic storage medium arranged
to write the measurement data in the storage medium, the
measurement unit further including a terminal arranged to
write data in the storage medium.

3. The measurement unit according to claim 1, wherein the
environment sensor includes at least a particle counter
arranged to count a number of particles, a vibration sensor, a
wind speed sensor, and a microphone, the measurement unit
turther comprising:

a low-pass filter arranged to process an output from the

vibration sensor; and

a controller arranged and programmed to 1dentity whether
the measurement unit 1s being transported or the mea-
surement unit 1s stopped, based on a signal from the
low-pass filter, to shorten a measurement interval when
the measurement unit is being transported, and to extend
the measurement interval when the measurement unit 1s
stopped.
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